Introduction: Hypothalamic hypopituitarism is relatively rare cause of secondary adrenal deficiency which is often accompanied by severe hypoglycemia. Hydrocortisone replacement therapy is essential for this condition, but gastrointestinal symptom such as nausea and vomiting is not well-recognized adverse effect of hydrocortisone.
Background
It is well known that hypoglycemia is induced by various reasons such as the overuse of anti-diabetic drugs and/or insulin, various diseases including insulinoma, insulin autoimmune syndrome and adrenal insufficiency. Hypoglycemia influences quality of life and increases the risk of cardiovascular events (Frier et al. 2011; Barendse et al. 2012) . When subjects suffer from hypoglycemia, they usually notice it with warning symptoms such as cold sweating and/or palpitation, but recurrent hypoglycemia can lead to the impairment of counter-regulatory hormone response and awareness of hypoglycemia which sometimes leads to life-threatening hypoglycemic coma (Widom and Simonson 1992; Kinsley et al. 1995; Lingenfelser et al. 1995; Kaneto et al. 1998) . Hypothalamic hypopituitarism is relative rare cause of adrenal deficiency. Consequent adrenal deficiency is often accompanied by severe hypoglycemia. Hydrocortisone replacement therapy is essential for this condition, but gastrointestinal symptom such as nausea and vomiting is not well-recognized adverse effect of hydrocortisone.
Here we report the case of hypothalamic hypopituitarism accompanied by recurrent severe hypoglycemia.
Case report
Here we report the case of a 64-year-old-woman with hypothalamic hypopituitarism accompanied by recurrent severe hypoglycemia. She was diagnosed as type 2 diabetes in the preoperative examination prior to cataract surgery when she was 58 years old. After then she was treated with insulin for two years, but she did not use any anti-diabetic drugs since she was 60. Since she had experienced severe hypoglycemia many times, she was referred to our hospital to examine the pathogenesis of severe hypoglycemia. On admission, her body weight was 58.9 kg and height was 145cm (Body Mass Index was 28.0 kg/m 2 ). There was no abnormality in the chest and abdomen and no pretibial pitting edema. She had no history of traumatic head injury. Furthermore, she had no history of risky jobs and the martial arts, especially boxing and full contact Karate. Blood pressure was 155/71 mmHg and pulse rate was 88 bpm. Neurologic examination showed no abnormality. She did not have visual disturbance and headache. Deep tendon reflex was normal in bilateral lower extremities. Tables 1 and 2 show the laboratory findings on admission. HbA1c was 5.4%, and fasting plasma glucose was 115 mg/dl. Serum insulin level was 1.1 μU/ml, and anti-insulin antibody was 3.8%. Electrolytes, whole blood count, renal and liver function were normal (Table 1 ). In addition, there was no findings that made us suspect any malignancy, auto-immune and/or inflammatory disease (Table 2) . Based on these findings, we ruled out the possibility of exogenous administration of insulin or other anti-diabetic drugs, insulinoma and insulin autoimmune syndrome. After glucose injection, she once became conscious, but severe hypoglycemia was often observed even after that. In addition, counter-regulatory hormone levels were not increased even at the time of hypoglycemia (Table 3) .
To explore the pathogenesis of severe hypoglycemia, we performed several examination. First, magnetic resonance imaging (MRI) of the brain showed no obvious abnormalities; pituitary abnormality such as adenoma and pituitary stalk interruption was not observed. Second, we conducted several hormone load tests ( Figure 1 ). In corticotropin-releasing hormone (CRH) load test, excess and delayed reaction of ACTH (adrenocorticotropic hormone) was observed, indicating the dysfunction of the hypothalamus. In thyrotropin-releasing hormone (TRH) load test, TSH and prolactin were normally secreted in response to TRH. In luteinizing hormonereleasing hormone (LHRH) load test, delayed reaction of LH and FSH (follicle stimulating hormone) was observed, which was also compatible with the possible dysfunction of the hypothalamus. Furthermore, in arginine load test, GH reaction was very poor, which strengthened the idea that the hypothalamus in this subject does not function well. Based on these findings, we diagnosed this subject as hypothalamic hypopituitarism although its cause remained unknown. In growth hormone-releasing hormone (GHRH) load test, GH reaction was poor. Although the results in this GHRH load test suggest the possibility of adult GH deficiency, serum IGF-1 (insulin-like growth factor-1) level was within normal range. Therefore, we followed up without any medication for this poor GH response.
To treat this hypothalamic hypopituitarism and consequent adrenal deficiency, we intravenously injected hydrocortisone (100 mg) and started oral hydrocortisone therapy (10 mg/day). However, just after taking hydrocortisone, vomiting was often observed. Since gastrointestinal symptom was not common adverse effect of hydrocortisone, we suspected the acute gastric ulcer and/or gastritis. Then we performed the gastroesophageal endoscopy, but no abnormalities was found. Therefore, we continued to try to replace steroid hormone with hydrocortisone. However, it seemed that such repeated vomiting disturbed sufficient steroid hormone replacement, leading to recurrent hypoglycemia. Several days later, we gave up the therapy with hydrocortisone and instead started an alternative treatment with prednisolone (15 mg/day) to replace steroid hormone. After that nausea and vomiting disappeared and hypoglycemia was not observed at all.
Discussion and evaluation
In this report, we showed the subject with hypothalamic hypopituitarism which was diagnosed based on the following findings: excess and delayed reaction of ACTH in CRH load test, delayed reaction of LH and FSH in LHRH load test, poor GH reaction in arginine load test. Although we understood that it would be important to perform insulin tolerance test in order to reconfirm the dysfunction of the hypothalamus in this subject, we failed to obtain the agreement from this subject about the insulin load test due to the risk of the occurrence of hypoglycemia. It was reasonable that this subject was very afraid of the occurrence of hypoglycemia because she experienced severe hypoglycemia repeatedly. Therefore, we decided not to perform insulin tolerance test in this subject. The GH releasing hormone + arginine (GHRH + ARG) test is the best method to accurately evaluate GH secretion. However, according to the Japanese guideline for adult GH deficiency (The hypothalamic-pituitary dysfunction study group of the Ministry of Health Labour and Welfare, Japan 2009), we performed arginine load test without GHRH. Therefore GH response should be considered as low because of insufficient stimulation of GH secretion. However, based upon the other various findings, we thought that such recurrent severe hypoglycemia in this subject was presumably due to hypothalamic hypopituitarism. We ruled out the possibility of malignancy, sarcoidosis, tuberculosis and traumatic injury, all of which could be the reason for hypothalamic hypopituitarism (Sharma and Sharma 1991; Saito et al. 2009; Greco 2012; Glezer and Bronstein 2012) , and thus we thought that the hypothalamic hypopituitarism in this subject was idiopathic. In addition, counter-regulatory hormone levels were not increased even at the time of hypoglycemia (Table 3) . We think that this was presumably due to recurrent hypoglycemia as previously reported (Widom and Simonson 1992; Kinsley et al. 1995; Lingenfelser et al. 1995; Kaneto et al. 1998) . In general, gastrointestinal symptom such as nausea and vomiting is not common adverse effect of hydrocortisone. In addition, prednisolone (15 mg/day) is stronger than hydrocortisone (10 mg/day). Therefore, we cannot exclude the possibility that the gastrointestinal symptom in this subject was due to adrenal insufficiency during the hydrocortisone treatment and that the administration of prednisolone improved adrenal insufficiency which led to the disappearance of gastrointestinal symptom. However, considering the situations that nausea and vomiting appeared just after taking hydrocortisone, we think it is likely that such gastrointestinal symptom is the adverse effect of hydrocortisone although its mechanism remains unknown.
Conclusions
We should be aware of the possibility of hypothalamic hypopituitarism as a cause of recurrent severe hypoglycemia. In addition, although gastrointestinal symptom is not common adverse effect of hydrocortisone, we should be aware that hydrocortisone could induce several gastrointestinal symptom such as nausea and/or vomiting. Such symptom disturbs sufficient steroid hormone replacement and leads to recurrent hypoglycemia. Therefore, in such a case we should stop hydrocortisone and instead start an alternative treatment with prednisolone without any hesitation in order to sufficiently replace steroid hormone and to avoid recurrent hypoglycemia.
Consent
Informed consent was obtained from this patient for being included in the case report.
Statement of Human and Animal Rights
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008 (Lingenfelser et al. 1995) . Figure 1 Corticotropin-releasing hormone (CRH) load test: after intravenous injection of CRH (0.1 mg), ACTH and cortisol levels were examined. Thyrotropin-releasing hormone (TRH) load test: after intravenous injection of TRH (0.5 mg), TSH and PRL levels were examined. Luteinizing hormone-releasing hormone (LHRH) load test: after intravenous injection of LHRH (0.1 mg), LH and FSH levels were examined. Arginine load test: after intravenous injection of arginine (10%, 300ml), GH level was examined. Growth hormone releasing hormone (GHRH) load test: after intravenous injection of GHRH (0.1 mg), GH level was examined.
